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IN THE CLATMc; ; 

!• A Flash EEprom system comprising: 

integrated circuit chips each 
EEprom cells partitioned into 
each sector addressable for 
s therein are erasable 



having an a 
a plurality ^ 
erase such 




simultaneously ; 

means f o\r\ s^^^ctia^g a plurality of sectors 
among the one or mox& chips for erase operation; and 

means for simultciheously performing the erase 
operation on only the plurality of selected sectors. 



including^ 
read or write 
enabled by ^/ chip\ sel 



Flash EEprom system as in , cla±m 2., 



operatiori^ is 
chip select sj 



chips which have been 
signal, wherein the erase 
erf orm^d /on ' chips without regard to the 
lgna\L 



3. A\ 
wherein the eras^ 



operat 



rom system as in claim 1, 
ibn may be performed on the 



plurality of sector selecfeed\^or erase operation, while 



read, write or other operatic^ 
other device not selected for 



may be performed on any 
operation. 



4. T^e Flash EEprom system according to claim 
1 , further compr^sn.ngK 

means fdr ivTlci^^^du^ removing any one or 
combination of sed^^^X the plurality of selected 

sectors, such that s^a\remoyed sectors are prevented 
from further erase durrhgN^th^ erase operation. 
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5\ The Flash EEprom system according to claim 
1, further opmprlsing: 

means for simultaneously deselecting all 

sectors . 



6. The\Flash EEprom system according to claim 
1, wherein the selecting means further comprises: 

individual register associated with each sector 
for holding a status to"^dicate whether the sector is 
selected or not. 



7. . The Fl 
6, wherein t.he 
responsive to the 
registers, such tha 
included in the erasii^ 




system according to claim 
y erasing means is 
!h of the individual 
elected sectors are 



8. The Flash EEproA system according to claim 
6, wherein any one or combination of the individual 
registers indicating a selected status are individually 
resettable to an un-selected status • 



9. The Flash EEprom system according to claim 
6, \rtierein all the individaxal registers are 
simultaneously resettable to a st^us indicating the 
associated sectors as not selected. 



10. A svstej 

defective cells wiWi> 

comprising: 

substitute 
means for 

defective cells wi<t 

substitute cells. 




rrecting errors from 
of Flash EEprom cells. 



ting one or more of the 
corresponding number of 
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11. A system for correcting errors from 
def ective^^ells within an array of Flash EEprom cells as 
in claim IG^wherein the substituting means also applies 
automatical!^^ to new defective cells as soon as they are 
detected. 



system for 



12. A 

defective cells wi'^ii^r^n^^ray 
in claim 10, sa 
plurality of Fla 
within each 

substitute cell^ are inX-^he 
cells. 



array 
erasable 



sector afv<i 



eras< 



correcting errors from 
of Flash EEprom cells as 
^ing partitioned into a 
tors such that all cells 
e at once, wherein the 
sector as the defective 



13 . A system VoV correcting errors from 
defective cells wxthin an j^rra\ of Flash EEprom cells as 
in claim 11, further^5em^isi^g\ defect map for storing 
defect pointers which link\ the addresses of the 
defective cells to that of the corresponding substitute 
cells. 



14. A system for corr^ctiAg bad data in 
defective cells within an array of Flash EEprom cells as 
in claim 1.3, wherein the defect map fc^ s^d: defective 



cells are located in the same sector as \saiii defective 
cells. 
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15. A system for correcting errors from 
defect;ive cells within an array of Flash EEprom cells 
as in Xrlaim 10^ said array being partitioned into a 
plurality of Flash erasable sectors such that all cells 
within ea^ih sector are erasable at once, wherein the 
substitute Veils are in the same sector as the defective 
cells when tbe number of defective cells in the sector 
does not exceed a predetermined number, and the 
substitute celi^s are in a different sector when the 
number is exceeds 



16. 

defective cell 
as in claim 15 
entirety by a 
exceeded. 



rstem for \correcting errors from 
of Flash ETEprom cells 
whereiji saidAsettor is replaced in its 
substitiite sffecijior when said number is 



17. A\ system /foV correcting errors from 
defective cells vnsthin^.^ arr^y of Flash EEprom cells as 
in claim 15 wherein the substiVuting means also applies 
automatically new defective celJ-s as soon as they are 
detected. 



18. A system for correc-fting errors from 
defective cells within an array of Flasli EEprom cells as 
in claim 17, including the use of er^or correction 
codes. 



i 



1 
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19. A system for correcting bad data in 
defact^ive cells within an array of Flash EEprom cells, 
comprl^ng: 

substitute cells for storing good data intended 
for the d^^fective cells; 

m^ans for substituting the bad data in one or 
more of the\def ective cells with the good data in the 
corresponding\substitute cells when the defective cells 
are accessed. 



20. A \ system^fp^^^^orrecting bad data in 
defective cells wi^bhin/^n array osf Flash EEprom celis as 
in clain 19, furthe^comprising means for autiomatlcally 
saving the good datk intended to be written to the 
defective cells to the\ corresponding substitute cells, 
thereby perservii/g the integrity/ V>f the good datra- 



21. A \system foA Correcting bad data xn 
defective cells within an arr)<y of Flash EEprom cells as 
in claim 20 whereiiKthe sia^^itaating means also applies 
automatically to new defective oells as soon as they ar-e 
detected . 



22. A system for correcVlng bad dat:a in 
defective cells within an array of Flash EEprom cells as 
in claim 20, said array being partitioned into a 
plurality of Flash erasable sectors such \hat all cells 
5 within each sector are erasable at once, \and data is 
stored therein, wherein the substituting means applies 
after the data including the bad data has been accessed. 
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23. A system for correcting bad data in 
defe^ive cells within an array of Flash EEprom cells as 
in ci^im 20, said array being partitioned into a 
plurality of Flash erasable sectors such that all cells 
within 2^ch sector are erasable at once, wherein the 
substitute cells are in the same sector as the defective 
cells. 



24. \A system for correcting bad data in 
defective cells Wthin^n-^^ Flash EEprom cells as 
in claim 20, furti^y^mprising^ defect map for storing 
defect pointers Yhich link t\ie addresses of the 



defective cells t 
cells. 



iihat of the 



25. 



system, for 



^responding substitute 
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rrecting bad data in 
defective cells ^ithin anVrraj^ Flash EEprom cells as 
in claim 24, wheLin the d^Joi^ mW. for said defective 
cells are located\in the saU sectV as said defective 
cells. 

26. A system for c^recting bad data in 
defective cells within an array oivFlash EEprom cells as 
in claim 19, said array being Vartitioned into a 
plurality of Flash erasable sectorsNsuch that all cells 
within each sector are erasable at We, wherein the 
substitute cells are in the same secto^as the defective 
cells when the number of defective cellSs in the sector 
does not exceed a predetermined nu^r, and the 
substitute cells are in a different sedtor when the 
number is exceeded. 



27, A system for correcting bad data in 
defeqtive cells within an array of Flash EEprom cells as 
in clkim 26, wherein said sector is replaced in its 
entirety by a substitute sector when said number is 
exceeded\ 

2k. A system for correcting bad data in 
defective cells within an array of Flash EEprom cells as 
in claim 26, wherein the substituting means also applies 
automatically Vo newly occurring defective cells* 

-29. A ^^ys^£em for correcting bad data in 
defective cells wrtmin an array of Flash EEprom cells sis 
in claim 28, including use of error correction codes. 



30. An improv^ systein ^or writing data files 
into a Flash EEpnom memoW compriBing: 

a cache Vemoiry ^r/ temporarily storing data 
files intended forXsthe Fla^ EEproin\memory , said cache 
memory able to undeE^g^si:gni^icantly^ write/erase 
cycles than the Flash EEprom mWory ; 

means responsive to a syvstem write to the Flash 
EEprom memory for writing data Viles into the cache 
memory instead of the Flash EEprom\aemory ; 

means for identifying each\data file ±n the 
cache memory; 

means for determining the time\since each data 
file was last written; and 

means for first moving data firfe having the 
longest time since last written from the caclie memory to 
the Flash EEprom memory when additional spacs;e for new 
data files is required in the cache memoiryX thereby 
substantially reducing the number of actual wri^s and 
associated stress to the Flash EEprom memory. 



\31. The improved system as in claim 30, 
further cOanprising: 

a \ backup non-volatile memoiry for downloading 
the data fii^es in the cache memory thereto; and 

means responsive to an impending power loss for 
down loading rae data files in the cache memory to the 
backup memory, ^hereby saving the data files from the 
possibly volatilW cache-mernqry • 



32. 

wherein the back 
memory i 



improved s^ 
aemory is pc 



;tem as in claim 30, 
of the Flash EEprom 



33, The improved ^ys4em as in claim 30, 
wherein the cactfe memory h^ a significantly faster 
access time than tjiat of \h)i Flash EEprom memory. 



34. The improved, system ^ in claim 30, 
including a controller circuit chip for controlling the 
operations of the Flash EEpEom memory, wherein the 
improved system is part of the opntroller circuit chip* 



35. The improved systek as in claim 30, 
including a microprocessor system ^nd random access 
memory, wherein the improved system rs implemented by 
software in the microprocessor system wi\h random access 
memory . 
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36. An improved system for writing data files 
into\a Flash EEprom memory comprising: 

a cache memory for temporary .;.y storing data 
files ^ntended for the Flash EEprom memory, said cache 
memory Vble to undergo significantly more write/erase 
cycles th^n the Flash EEprom memory; 

ians responsive to a system write to the Flash 
EEprom memory for writing data files into the cache 
memory instekd of the Flash EEprom memory; 

a ta^ memory for storing the identity of data 
files and the t\me each data file was last written; and 
means for first moving data file having the 
longest time since^ las$:-^w3?±t:^n from the cache memory to 
the Flash EEproin mMiory when >additional space for new 
data files is requM-ed in the\ cache memory, thereby 
substantially repuciirg the numbq\ of actual writes and 
associated stresp to tl^e Flash t^eprom memory. 



37. The improved s^sti^em as in claim 36, 
further comprising^ 

a backup noh-<val^ixile memory for downloading 
the data files in the cache memory tkereto; and 

means xesponsive to ans. impending power loss for 
down loading the data files in Vhe cache memory to the 
backup memory, thereby saving tWe data files from the 
possibly volatile cache memory. 

38. The improved systemXas in claim 36, 
wherein the backup memory is part ofVthe Flash EEprom 
memory. 



39. The improved system as \in claim 36, 
wherein the cache memory has a significantly faster 
access time than that of the Flash EEprom memory. 
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40« The improved system as in claim 36, 
including a controller circuit chip for controlling the 
operations of the Flash EEprom memory, wherein the 
improvi^d system is part of the controller circuit chip. 

tl* The improved system as in claim 36, 
including \a microprocessor system and random access 
memory, wheWin the improved system is implemented by 
software in tl\e microprocessor system with random access 
memory . 



memory compi 
^e memory for tepj^orari 
tne Flash EEt 



42. An Xkinproved syste: 
into a Flash EE 

a cac 
files intended 
memory able to 
cycles than the 

means 
EEprom memory fo 
Flash EEprom memo 
said responsive mean 



significant 



Flash EEprom me 
r^sponsive& to a -^ys^ 



for writing data files 
sing: 

ly storing data 
memory, said cache 
y more write/erase 



writin 



em write to the Flash 
ata kile either into the 
or instead inta the cache memory, 

lash EEprom irtieTi 



10 said responsive mean^^-w^rtiAa to the' 

the a previous copy of said data file is not present in 
the cache memory, and writing Vo the cache memoory when 
a previous copy of said data fS^le is present in the 
cache memory; and 
15 means for first moving daYa files having the 

longest times since last written from the cache memory 
to the Flash EEprom memory when additional space for new 
data files is required in the cache inemory, thereby 
substantially reducing the number of actual writes and 
20 associated stress to the Flash EEprom memc 



43 



43 • The improved system as in claim 42, 
further c\ 

a\.backup non-volatile memory for downloading 
the data fil,es in the cache memory thereto; and 

responsive to an impending power loss for 
down loading tlae data files in the cache memory to the 
backup memory, thereby saving the data files from the 
possibly volatiles^^jsaefee-^emory . 



The \ improved\ 



backup 



smory isv 



system as in claim 42, 
irt of the Flash EEprom 
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into a Fla 
wherein said i^spons 
memory for stor 



The improved s^ystAm for writing data files 
h EEprom memory according to claim 42, 
iveymeans forVriting includes a tag 

data files and the 



le identity oj 



and wherein said 
\EEprom when said 



txme each data file was last\writte 
responsive means writing to tfte Flasli' 
data file is not tagged in the Vag memory, and writing 
to the cache memory when said dat\ file is tagged in the 
tag memory. 



44 



46* An improved system for writing data files 
into^s^a Flash EEprom memory comprising: 

a cache memory for temporarily storing data 
files intended for the Flash EEprom memory, said cache 
memory ^le to undergo significantly more write/erase 
cycles ttran the Flash EEprom memory; 

mWns responsive to a system write to the Flash 
EEprom memoW for writing a data file either into the 
Flash EEprom \memory or instead into the cache memory, 
10 said responsive m^ans^w^q^ing to the Flash EEprom when 
said data file Ys last written after the predeteLrmined 
period of time, Nand writing Nho the cache memory when 
said data fio/e is\ last written within a predetermined 
period of time; anc 
15 means for fiirst moviri^Vdata files having the 

longest times \since ]&ast written from the cache memory 
to the Flash EEprom memory when additional space for new 
data files is required^ xp/ the cache memory, thereby 
substantially redu^^dLng.jE^ number Npf actual writes and 
2 0 associated stress to the tlash EEprW memory. 



47. The improved, system as in claim 46, 
wherein the cache memory h^ a significantly faster 
access ,time than that of the Fa.ash EEprom memory. 

48. The improved sy^em as in claim 46, 
including a controller circuit chxp for controlling the 
operations of the Flash EEprom memory, wherein the 
improved system is part of the contrbller circuit chip. 



49. The improved system ks in claim 46, 
including a microprocessor system and random access 
memory, wherein the improved system is Nimplemented by 
software in the microprocessor system withxrandom access 
memory . 
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into a 
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50. An improved system for writing data files 
ash EEprom memory comprising t 

cache memory for temporarily storing data 
files intended for tho Flash EEprom memory, said cache 
memory abl4 to undergo significantly more write/erase 
cycles than Vhe Flash EEprom memory; 

a t^ memory for storing the identity of data 
files and the time each data file was last written; 

means responsive to a system write to the Flash 
writing-^S^^daCa-^f ile either into the 



EEprom memory 
Flash EEprom mem^ 
said responsive m^ns 
the data file is 
writing to the cac) 
identified in the ta 



instead intoVthe cache memory, 
Witing to the Flash EEprom when 
identified in thd tag memory, and 



means for moving first 



e memory whej 
memory ; and 



th\e data file is 



e data files having 
the longest times sinoe last wfittten Wrom the cache 
memory to the Flash EKprWi memory when additional space 
for new data files is. rVquirM in \ the' cache memory, 
thereby substantially f^^iiping the \number of actual 
writes and associated stres^to the Fla^h EEprom memory. 



51. The improved ^stem as in claim 50, 
further comprising: 

a backup non-volatile Aemory for downloading 
the data files in the cache memorV thereto; and 

means responsive to an impending power loss for 
down loading the data files in the Wche memory to the 
backup memory, thereby saving the dWa files from the 
possibly volatile cache memory. 



52. The improved system as in claim 50, 
wherein the backup memory is part of the Flash EEprom 
memory. \ 
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53 A The improved system as in claim 50, 
wherein the >cache memory has a significantly faster 
access time ttUn that of the Flash EEprom memory. 



54 . X^9^ improved 
including a cont 

operations of j^hte Flash k EEprom 



improved system 



55, 



isXpart of 



system as in claim 50, 
chip for controlling the 
memory, wherein the 
he controller circuit chip. 



[*he fmprc^vedX system as in claim 50, 
including a microprod^efisor sy^em and random access 
memory, wherein th^..Jtftvb system is implemented by 

software in the microproc^essor system with random access 
memory. 
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56A A memory card adapted to plug into a 
computer system in a manner to communicate with a system 
bus and a standard power supply^ comprising the 
following mounted thereon: 

a pluriality of EEprom integrated circuit chips, 
each of said chj 

a l\arge^umber of iI^t^vidually addressable 

storage ^g6,1b organized \nto a plurality of 

sectors, yJbach sector containing a plurality of 

said stoi 

a plurality of sparey^st^rage cells within 



any of s\aid 
. means re. 
for erasing all ce^ 
without erasing cel^ 
means 



sectors, 



ponsUve to si( 



S 11 



S 11 



one oi 
others 



respoirs 



:o signal 



on said system bus 
more\ designated sectors 
id sectors, 

said system bus 



25 



for reading the state of Addressed storage cells, 

means responsive to signals on said system bus 

for programming address^. storage cells to a 

predetermined state, and 

means responsive to An unsuccessful attempt to 

either program or erase a storage cell within one of 

said sectors for substituting ofte of said spare storage 

cells therefore while maintaining operation of the 

remaining cells of said sector. 
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. \ 57. The memory card according to claim 56 
which additionally comprises a cache memory mounted on 
said cardys, and wherein said programming means includes 
means for initially programming said cache memoiry rather 
than said JEEprom memory, said reading means includes 
means for iArtially determining whether the cache memory 
contains dataVto be read, and said programming means 
additionally \includes means responsive to said cache 
memory becoming \full for writing its oldest unused block 



of data into sai 
for new data ±n\ 



ijJ EEproifi^memorYA^ thereby to make room 
cache memory - 



58. The 
each of said chips 
sectors, and wh€i 




pmory card as in claim 56, wherein 
\ further include is a plurality of spare 



said suj6^tituting means also 
ecrtors for one of said 



substitutes one of said spare 

sectors when a predetermined nAmbeif of cells in said one 
of said sector beapmeX de\ecjz4ve . 

59. The memory cai^ as in clai^n 58, including 



means for performing \rro3 
correction codes. 




correction using error 



60. The memory cardNas in claim 56, inclxiding 
a controller and an interf ace^connected to the system 
bus, said controller being adapted Vto be responsive to 
commands intended for a standard\raaghetic disk drive 
storage system connectable to the \ computer system, 
thereby emulating said disk drive system. 
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\ 

6^1. 

\ ^. 
various operatinc 

\ 



memory card as in claim 56, in which 
voltages are required for various 
operations of ttiA EEprom chips, including means for 



\ 

generating the vaorious operating voltages from the 
standard powerXsupj 
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62, A s]fcordge s^rsti^em incorporating therein the 
memory card of dla^m\56, |comprising: 

a cont rol lver\ fpin^contrpari the operation of 
the EEprom chips; 

means nor gerfeyating voltages for the operation 
of the EEprom ch\i 

means foV-CTrorAc^rrection in the operation of 
the storage system; and 

means for interf^ing the storage system to a 
computer system • 



0^^ 



